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Within the last decade, artificially engineered Bose-Einstein condensation has been achieved in atomic systems, Bose-Einstein Condensates (BECs) are superfluids just like bosonic helium is and all interacting bosonic fluids are expected to be at low enough temperatures. One difference between the two systems is that superfluid helium exhibits roton excitations while
In the present work we focus attention in the possible existence or nonexistence of roton excitations in artificially engineered Bose-Einstein Condensates (BECs). [1] [2] [3] BECs are superfluid as they posses a finite sound speed 4-6 and reduced long wavelength scattering. 7, 8 The other important bosonic superfluid is He 4 . 5,9 Since BECs and He 4 are the same universal phase of matter, they share a large commonality. For example, they are both superfluids whose elementary long wavelength excitation spectrum is phononic, their ground states spontaneously break gauge invariance, 10 that is their ground states exhibit macroscopic quantum coherence, and they both posses vortex excitations. 11 This is an example of universality of stable fixed points of matter. In these cases the superfluid ground state is such a fixed point. The similarities will become ever more apparent as the low energy properties BECs are studied more carefully.
On the other hand, at shorter wavelengths helium possesses a rot on minimum 5, 6, 12 in its excitation spectrum leading to low energy excitations occurring at a specific wavevector, which are gapped and are different than long wavelength sound. These excitations can make important contributions to the dynamics and thermodynamics of the system. In BECs no such excitation has been observed and the lack of a peak in the structure factor 7 leads to the conclusion that they do not posses roton excitations. We review some of the properties of rotons in helium and determine under what conditions will they occur in BECs.
All quantum many particle systems are described by a Hamiltonian 5
where m v · ρ v/2 is the kinetic energy operator, U[ρ] is the potential energy operator, which in general can be a functional of the density operator. The density and velocity operators in first quantized notation is
with r i being the position of the ith particle, and commutation relations
The ground state of the Hamiltonian (1) could be a quantum fluid or solid depending on the interaction. We will suppose it to be a fluid as we have BECs and helium in mind. We study the excitation spectrum of the bosonic fluid on quite general grounds following Landau 5 and the Russian school 13 quite closely. We suppose the density to have a well defined average which we take to be uniform for simplicity. This will not change the nature of the considerations, although in real life the density can be modulated by the lattice as for BECs in optical lattices. The average velocity is zero as we consider a
